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terized	 by	 a	 combination	 of	 heightened	 sensation	 seeking	 and	 still-	maturing	 self-	
regulation,	but	most	tests	of	this	model	have	been	conducted	in	the	United	States	or	






self-	regulation	 increased	 steadily	 from	 preadolescence	 into	 young	 adulthood,	




United	 States	 and	Western	 Europe	 have	 examined	 the	 develop-
mental	trajectories	of	these	constructs.


































of	 the	model	 is	 strong.	Sensation-	seeking	 increases	during	 the	first	
half	 of	 adolescence	 and	 declines	 thereafter,	 following	 an	 inverted	 










2013).	 These	 findings	 are	 consistent	with	 a	 growing	 neuroimaging	
literature	showing	amplified	activation	of	reward-	processing	regions	
(e.g.	the	ventral	striatum	and	medial	prefrontal	cortex)	in	adolescents	
compared	with	 children	 and	 adults	 (Luciana,	Wahlstrom,	 Porter,	 &	
Collins,	 2012),	 and	 gradual	 maturation	 over	 the	 course	 of	 adoles-











psychological	 traits	 (approach	behavior	 and	 self-	control).	We	 recog-
nize	that,	within	these	broad	categories,	constructs	measured	at	differ-
ent	levels	of	analysis,	or	using	different	methods,	are	often	only	weakly	






Although	 the	 developmental	 trajectories	 of	 sensation	 seeking	
and	 self-	regulation	 have	 been	 observed	 in	 many	 studies	 that	 have	
employed	a	variety	of	methods	 and	measures,	most	of	 the	 relevant	
research	has	been	carried	out	 in	the	United	States	and	a	handful	of	

















cence	 that	 links	developmental	 changes	and	age	differences	 in	 sen-
sation	seeking	and	self-	regulation	 to	changes	 in	brain	 structure	and	
function	that	are	assumed	to	be	universal	(or	near-	universal)	features	
of	adolescent	development	(Spear,	2013).	This	is	especially	true	with	
respect	 to	 changes	 in	 reward	 processing,	 which	 are	 thought	 to	 be	
caused	by	changes	in	dopaminergic	activity	as	a	consequence	of	the	
impact	of	pubertal	hormones	on	the	brain’s	reward-	processing	system	
(Luciana	et	al.,	 2012).	Changes	 in	 cognitive	 control	 systems,	 in	 con-
trast,	have	been	posited	to	be	relatively	more	subject	to	environmen-
tal	experience	(see	Smith	et	al.,	2013).	Normative	maturation	of	crucial	








differences	 among	 cultures	 in	 expectations,	 socialization	 practices,	
and	 the	 structure	 of	 social	 institutions	 (Larson,	Wilson,	 &	 Rickman,	


























and	 premarital	 sex	 is	 neither	 accepted	 nor	 viewed	 as	 normative	 in	
many	 non-	Western	 cultures	 (Haddad,	 Shotar,	 Umlauf,	 &	Al-	Zyound,	







The	 current	 paper	 presents	 the	 findings	 of	 a	 cross-	sectional,	
multinational,	 multi-	method	 study	 of	 behavioral	 and	 psychological	
















each	 of	 11	 locales:	 Guang-	Zhou	 and	 Shanghai,	 China	 (N =493);	
Medellin,	Colombia	(N =	513);	Nicosia,	Cyprus	(N =	407);	Delhi,	India	
(N =	425);	Naples	and	Rome,	Italy	(N =	561);	Amman	and	Zarqa,	Jordan	
(N =	506);	Kisumu,	Kenya	(N =	488);	Manila,	the	Philippines	(N =	512);	
several	cities	in	the	west	of	Sweden	(N =	425);	Chang	Mai,	Thailand	
(N =	 504);	 and	Durham	 and	Winston-	Salem,	 the	United	 States	 (N = 
570).	 The	 gender	 balance	 was	 nearly	 even	 within	 the	 whole	 sam-
ple	 (49.2%	 male,	 n = 2658;	 50.8%	 female,	 n = 2746),	 within	 each	





The	 PAC	 countries	were	 originally	 selected	 because	 they	 differ	
markedly	in	how	children	are	disciplined,	a	primary	focus	of	that	proj-
ect.	This	focus	resulted	in	a	sample	of	countries	that	is	diverse	along	
several	 socio-	demographic	 dimensions,	 including	predominant	 race/


































each	 of	 seven	 age	 groups:	 10–11	years,	 12–13	years,	 14–15	years,	
16–17	years,	18–21	years,	22–25	years	and	26–30	years	(see	Table	1	
for	 the	 distribution	 of	 participants	 across	 age	 groups	 by	 country).	
Across	countries,	participants	came	from	households	with	comparable	
levels	of	parental	education,	which	averaged	some	college.
Participants	 were	 recruited	 via	 flyers	 posted	 in	 neighborhoods,	
schools,	 advertisements	 placed	 in	 newspapers,	 and	word	 of	mouth.	
Because	of	 this	 recruitment	method,	we	cannot	determine	whether	




is	 not	 required	 for	 youth	 of	 15	years	 and	 older.	 Local	 Institutional	
Review	Boards	(IRBs)	approved	all	procedures.
2.2 | Procedures
Research	 staff	 in	 all	 countries	 underwent	 identical	 training	 proce-
dures.	Participants	completed	a	2-	hour	session	that	included	several	




community	 centers)	 designated	by	 the	participants.	Measures	were	
administered	in	the	predominant	language	at	each	site,	following	for-
ward-	and	back-	translation	and	meetings	to	resolve	any	item-	by-	item	















of	 the	base	payment)	based	on	 their	performance	on	 the	computer	
tasks.	 In	actuality,	all	participants	 received	 the	bonus.	 In	 the	United	
States,	 the	base	payment	was	US$30	and	the	bonus	was	US$15.	 In	
other	countries,	the	principal	investigators	and	site	coordinators	(with	
the	 approval	 of	 the	 local	 IRB)	 determined	 the	 amount	of	 an	 appro-
priate	base	payment,	taking	into	account	the	local	standard	of	 living	
and	minimum	wage,	and	ensuring	that	the	amount	was	sufficient	to	
 10–11  12–13 14–15 16–17 18–21 22–25 26–30 Total
China 109 61 60 60 79 59 60 488
Italy 184 60 63 58 59 59 61 544
Kenya 93 77 68 58 60 61 63 480
Phil. 114 63 62 62 72 68 63 504
Thai. 131 84 60 44 68 64 51 502
Sweden 53 58 60 61 60 60 59 411
US 164 61 60 58 67 61 66 537
Colom. 140 59 61 59 57 59 58 493
Jordan 86 58 58 56 56 61 54 429
India 55 59 61 59 59 61 60 414
Cyprus 32 37 33 40 61 48 52 303
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encourage	participation	in	the	study	but	not	so	large	so	as	to	be	co-
ercive.	[The	Swedish	university	participating	in	the	study	did	not	per-
mit	 research	subjects	 to	be	paid	 in	cash,	 so	participants	were	given	
three	movie	tickets	 (two	 as	 the	base	payment	 and	one	 as	 a	 bonus)	
as	compensation.]	At	the	end	of	testing,	participants	were	debriefed	
regarding	 this	 deception	 in	 countries	where	 local	 IRBs	 deemed	 this	
disclosure necessary.
Following	each	assessment,	the	interviewer	answered	a	series	of	
five	questions	that	asked	about	 the	participant’s	engagement	 in	 the	
assessment	and	the	quality	of	the	data.	A	small	number	of	assessments	
(3.2%,	N =172)	were	rated	as	unusable	(e.g.	the	participant	did	not	ap-
pear	 to	understand	 the	questions	or	 tasks,	did	not	pay	attention	 to	
instructions,	or	was	obviously	disengaged);	these	cases	were	dropped	
from	the	sample.	After	accounting	for	unusable	assessments	and	miss-



















we	 used	 parental	 education,	 rather	 than	 the	 individual’s	 educa-
tional	attainment,	as	our	index)	(for	a	discussion	of	this	strategy,	see	








The	Matrix	 Reasoning	 subtest	 of	 the	Wechsler Abbreviated Scale of 








Nevertheless,	we	were	 able	 to	 use	 these	 scores	 to	 control	 for	 any	
age-	group	 differences	 in	 general	 intellectual	 functioning	 that	might	
influence	task	performance.
2.3.3 | Sensation- seeking composite
Three	 measures	 were	 used	 to	 index	 sensation	 seeking:	 the	 Iowa	




































from	 the	 Sensation	 Seeking	 Scale	 (Zuckerman,	 1994).	 Many	 of	 the	
items	on	the	full	19-	item	Zuckerman	scale	appear	to	measure	impul-
sivity	 (e.g.,	 ‘I	 often	 do	 things	 on	 impulse’).	 In	 light	 of	 our	 interest	 in	
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distinguishing	between	 impulsivity	and	sensation	seeking,	our	meas-
ure	 included	 only	 the	 items	 that	 clearly	 indexed	 thrill-	 or	 novelty-	
seeking	 (sample	 item:	 ‘I	 like	doing	 things	 just	 for	 the	 thrill	 of	 it’;	 see	
Steinberg	et	al.,	2008).	All	items	were	answered	as	either	true	or	false.	
Reliability	for	the	whole	sample	on	this	six-	item	scale	was	α= .63,	with	
reliabilities	 for	 separate	 countries	 ranging	 from	 .49	 (Kenya)	 to	 .78	
(India).	Confirmatory	factor	analysis	 indicated	good	model	fit	for	this	












the	 road	 and	 roadside	 scenery	 visible.	 Before	 playing,	 participants	
were	 informed	 that	when	approaching	an	 intersection	 in	which	 the	
traffic	signal	turns	yellow,	they	must	decide	whether	to	stop	the	car	
(using	the	space	bar)	and	wait	for	the	light	to	cycle	back	to	green,	or	
to	 attempt	 to	 cross	 the	 intersection.	 Participants	 could	 not	 control	
the	car’s	 speed,	 and	 the	 ‘brakes’	only	worked	after	 the	 light	 turned	














In	 the	 present	 sample,	 intercorrelations	 among	 the	measures	 of	
sensation	 seeking	 were	 as	 follows:	 IGT	 reward	 approach	 and	 self-	
reported	sensation	seeking,	r = .03,	p < .05;	IGT	reward	approach	and	
Stoplight,	 r = .04,	 p < .01;	 and	 self-	reported	 sensation	 seeking	 and	
Stoplight,	r = .07,	p < .001.
2.3.4 | Self- regulation composite
Three	measures	 were	 used	 to	 index	 self-	regulation:	 the	 Stroop	 task,	
self-	reported	planning,	and	the	Tower	of	London	task.	Scores	on	these	
measures	were	standardized	and	averaged	to	form	a	composite	measure	
of	 self-	regulation.	 In	order	 to	generate	coefficients	with	 interpretable	
decimal	values,	self-	regulation	composite	values	were	multiplied	by	100.
Stroop task
A	 fundamental	 aspect	 of	 self-	regulation	 is	 the	 ability	 to	 suppress	 a	
conditioned	 or	 automated	 (prepotent)	 response,	 and	 many	 tasks	
measuring	 response	 inhibition	 require	 participants	 to	 respond	 to	 a	





















atively	 fewer	 incongruent	 trials,	which	were	 therefore	more	 likely	 to	
cause	interference.	Higher	scores	indicated	better	response	inhibition.
Self- reported planning
Six	 items	 from	 the	 impulsivity	 subset	 of	 the	 Zuckerman	 Sensation	
Seeking	Scale	(SSS;	Zuckerman,	1994)	were	used	to	compute	a	meas-
ure	 of	 self-reported planning.	 [Although	 the	 SSS	 is	 used	primarily	 to	
assess	sensation	seeking,	many	of	the	items	actually	measure	impulse	
control	 (for	a	discussion,	see	Steinberg	et	al.,	2008).]	 Items	 included	
in	 the	 impulse	control	 subset	 reflect	a	 lack	of	planning	 (e.g.,	 ‘I	 tend	




ization	 of	 sensation	 seeking	 [i.e.	 ‘I	 enjoy	 getting	 into	new situations 
where	I	can’t	tell	whether	it	will	end	up	bad	or	good’	and	‘I	often	get	
so carried away by new and exciting things	and	idea	that	I	never	think	
of	possible	problems	that	might	happen’	(emphasis	added)]	and	were	






Orientation	Scale,	r = .50,	p < .001;	Steinberg	et	al.,	2009).	Reliability	
for	the	whole	sample	on	this	six-	item	scale	was	α		=		.63,	with	reliabili-
ties	for	individual	countries	ranging	from	.47	(Colombia)	to	.73	(India).	
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was	used	 to	generate	a	measure	of	 impulse control	 (Steinberg	et	al.,	
2008).	One	of	the	capacities	assessed	by	the	Tower	of	London	task	














In	 the	 present	 sample,	 intercorrelations	 among	 the	measures	 of	
self-	regulation	 were	 as	 follows:	 Stroop	 and	 self-	reported	 planning,	
r = .04,	p < .01;	Stroop	and	Tower	of	London,	r = .07,	p < .001;	and	self-	
reported	planning	and	Tower	of	London,	r = .08,	p < .001.
2.3.5 | Measurement invariance of self- report scales
In	order	to	ensure	that	self-	report	measures	of	sensation	seeking	and	
planning	were	appropriate	to	use	within	our	culturally	diverse	sample,	














come	variable	 that	were	greater	 than	3.5	 standard	deviations	 from	
the	mean	were	recoded	as	missing	(see	below	for	details).	As	noted	
earlier,	 a	 small	number	of	 assessments	 (3.18%,	N =172)	were	 rated	
as	unusable	by	the	 interviewer	and	excluded	from	analyses.	Of	 the	
remaining	 5232	 cases,	 2	 participants	 (.04%)	 were	 missing	 age,	 95	




5	 (.10%)	 lacked	 a	 self-	reported	 sensation-	seeking	 score,	 3	 (.10%)	
lacked	a	 self-	reported	planning	 score,	143	 (2.80%)	 lacked	Stoplight	
data,	379	(7.42%;	72	of	these	cases	were	outliers	recoded	as	missing)	
were	missing	 Tower	 of	 London	 data,	 and	119	 (2.31%;	 87	 of	 these	
cases	were	 outliers	 recoded	 as	missing)	were	missing	 Stroop	 data.	
Full-	information	maximum	 likelihood	 (FIML)	within	Mplus	was	used	












A	 series	 of	 regression	 analyses	 were	 completed	 to	 investigate	 age	
trends	 within	 the	 whole	 sample	 for	 both	 composite	 variables	 (the	
sensation-	seeking	composite	and	the	self-	regulation	composite)	and	
for	 all	 six	 component	 variables	 (i.e.,	 reward	 approach	 on	 the	 IGT,	
self-	reported	 sensation	seeking,	 risky	driving	 in	 the	Stoplight	game,	
response	 inhibition	 on	 the	 Stroop	 task,	 self-	reported	 planning,	 and	






















across	country.	 If	model	fit	was	significantly	worse	 in	 the	constrained	








we	conducted	 further	analyses	 to	characterize	 these	differences.	To	











Finally,	we	 described	 the	 shape	 of	 the	 average	 age-	related	 pat-








Intercorrelations	 are	presented	 in	Table	2.	Means	 and	 standard	de-
viations	 for	 all	 variables	 are	 reported	 in	 Table	3.	 Results	 for	 the	
sensation-	seeking	 and	 self-	regulation	 composite	 variables	 are	 re-
ported	 here;	 results	 for	 each	 component	 variable	 are	 found	 in	 the	




SE	=	0.15,	p = .02; bage
2	=	–0.19,	SE	=	0.03,	p < .001),	increasing	across	
adolescence,	 peaking	 at	 around	 age	19,	 and	 subsequently	 declining	
into	adulthood	(see	Table	4).	By	comparison,	the	age	pattern	of	self-	
regulation	increased	until	the	early	to	mid-	20s	(bage	=	2.60,	SE	=	0.15,	









and	 subsequently	 stabilizes.	 Visual	 inspections	 of	 the	 age	 patterns	








By	 iteratively	 re-	estimating	 our	models	with	 age	 re-	centered	 at	
each	year,	we	were	able	to	identify	the	age	(in	whole	years)	at	which	






age	25,	remaining	at	the	same	level	until	age	30	(N = 802; bage	=	–0.77,	
SE	=	1.40,	p = .59).
Par. Ed. WASI SR SS IGT Stoplight SR Plan Stroop ToL
Age 	−.07*** .14*** .02 .04** −.04* .07*** .20*** .19***
Par.	Ed.  – .20*** .08*** .04** .004 .00 −.01 .02
WASI  – .01 .10*** .06*** .10*** .19*** .19***
SR	SS  – .03* .07*** −.26*** .04** −.02
IGT  – .04** −.03* .09*** .05**
Stoplight – −.03 .05*** .03
SR	Plan  – .04** .08***
Stroop       – .07***
Note.	Par.	Ed.,	parental	education;	WASI,	WASI	t-	score;	SR	SS,	self-	reported	sensation	seeking;	IGT,	
Iowa	Gambling	Task;	SR	Plan,	self-	reported	planning;	ToL,	Tower	of	London	task.
*p < .05; **p < .01; ***p < .001.
TABLE  2 Zero-	order	correlations	
among	variables
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3.2 | Differences among countries
The	omnibus	chi-	square	difference	tests	indicated	that	the	effects	of	
age	were	not	 the	 same	 in	all	11	countries	 for	either	 the	 sensation-	






and	 the	 Philippines,	 the	 age-	related	 pattern	 for	 sensation	 seeking	










With	 regard	 to	 self-	regulation,	 the	 age	 patterns	 of	 China,	 India,	
Italy,	 Jordan,	 Sweden	 and	 the	United	 States	 each	 differed	 from	 the	
aggregate	of	 the	other	 countries	 (see	Table	S4	 for	 comparisons	and	









































































































































































































































































































































































































































































































































































































































































































































































































Estimate SE p-	value LB UB
Age 0.35 0.15 .02 0.06 0.64
Age2 −0.19 0.03 <.001 −0.24 −0.14
Parent	Ed. 0.82 0.31 .01 0.22 1.43
WASI 0.49 0.08 <.001 0.33 0.66
Post-	Peak	Analysis 95%	CI
Age	Range Estimate SE p-	value LB UB
20-	30 −2.00 0.47 <.001 −2.91 −1.07
Self-	Regulation	Composite 95%	CI
Estimate SE p-	value LB UB
Age 2.60 0.15 <.001 2.29 2.83
Age2 −0.20 0.03 <.001 −0.26 −0.15
Parent	Ed. −0.64 0.32 .04 −1.23 −0.03
WASI 1.38 0.08 <.001 1.23 1.53
Post-	Peak	Analysis 95%	CI
Age	Range Estimate SE p-	value LB UB
25–30 −0.77 1.40 .59 −3.46 2.08
Note.	Parent	Ed.,	parental	education;	WASI,	WASI	t-	score;	LB/UB,	Lower	
and	upper	bound	values	of	the	bias-	corrected	95%	confidence	interval	(CI),	
respectively.	Composite	 scores	were	multiplied	 by	100	 and	 centered	 at	
age	18.




SE	=	0.56,	p = .23;	India	bage	=	0.72,	SE	=	0.06,	p = .20).	In	Sweden	and	
Cyprus,	on	the	other	hand,	self-	regulation	increased	linearly	with	age	
without	plateauing	 (Sweden	bage	=	2.25,	SE	=	0.45,	p < .001;	Cyprus	













Thailand	 and	 the	United	 States.	 Sensation	 seeking	 increased	 linearly	
with	age	in	Jordan	(b = 1.27,	SE	=	0.57,	p = .03).	We	found	no	evidence	
that	sensation	seeking	varied	with	age	in	Sweden	(b 	=		–0.21,	SE	=	0.58,	
p = .72),	Colombia	(b 	=		–0.27,	SE	=	0.48,	p = .57),	or	Cyprus	(b 	=		–0.32,	
SE	=	0.55,	p = .56).	Detailed	results	of	these	analyses	are	described	in	
Table	S5.	See	Figure	2	(top)	for	a	plot	of	significant	age	trends.
With	 respect	 to	self-	regulation,	we	 found	significant	age-	related	
increases	in	9	of	the	11	countries.	In	China,	Italy,	the	Philippines,	and	
the	United	 States,	 self-	regulation	 increased	during	 adolescence	 and	
plateaued	 in	 early	 adulthood.	 Self-	regulation	 increased	 linearly	with	
age	in	Colombia	(b = 2.45,	SE	=	0.46,	p < .001),	Cyprus	(b = 2.00,	SE = 
0.76,	p = .009),	Kenya	(b = 1.27,	SE	=	0.43,	p = .003),	Sweden	(b = 2.82,	
SE	=	0.51,	p < .001),	and	Thailand	(b = 2.91,	SE	=	0.59,	p < .001).	Self-	
regulation	tended	to	increase	linearly	in	Jordan	(b 	=		–0.97,	SE	=	0.58,	
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or	 late	 adolescent	 plateau	 (Andrews-	Hanna,	 Mackiewicz	 Seghete,	








As	with	 sensation	 seeking,	 age	 trends	 in	 self-	regulation	 also	 varied	
as	a	function	of	how	it	was	measured.	The	young-	adult	plateau	was	
most	obvious	with	 respect	 to	 impulse	control	as	 indexed	by	perfor-
mance	on	the	Tower	of	London	task,	whereas	scores	on	the	measure	












with	 age	 (Jordan	 and	 India)	 both	 score	 relatively	 high	 in	 ‘restraint’	
in	 ratings	 of	 countries	 along	 the	 ‘Indulgence–Restraint’	 dimension	









behavioral	 tasks	 did	 show	modest	 improvements	with	 age	 (none	of	

























The	principal	 aim	of	 the	present	 study	was	 to	examine	 two	key	
tenets	of	the	dual	systems	model:	that	sensation	seeking	peaks	during	
adolescence	 and	 that	 self-	regulation	 continues	 to	 mature	 over	 the	
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